To determine the impact of evidence-based guidelines on the disparities in management of pediatric splenic injuries (PSI). Summary of Background Data: Several studies have highlighted a disparity in the utilization of nonoperative management (NOM) for PSI based on hospital and surgeon characteristics. Whether evidence-based guidelines had an impact on mitigating this disparity is uncertain. Methods: From 1999 to 2006, children Յ18 years with PSI were extracted from California's Patient Discharge Database (n ϭ 5089). Patient demographics, injury grade, immediate and delayed operations, readmissions, and complications were analyzed. Results: The overall rates of immediate operative management (IOM) decreased significantly from 23% in 1999 to 15% in 2006 (P Ͻ 0.001). This decline was attributed entirely to reduction of IOM at non-children's hospitals (NCH) (29% to 20%, P Ͻ 0.001). In contrast, IOM rates were low and unchanged at children's hospital (CH) (9%, P ϭ NS). Failed NOM (3.3%), readmissions for complications (0.6%), and operations (0.3%) were rare and unaffected by NOM increase. NCH had increased risk of IOM compared to CH in multivariate analysis (OR: 2.00, 99% CI: 1.09 -3.57). The rate of delayed splenic rupture was 0.2%. There were no differences when comparing the rates of readmissions (1.0% vs. 0.4%, P ϭ NS) and readmit operations (0.3% vs. 0.3%, P ϭ NS) between IOM versus NOM. Conclusion: A steady increase in the utilization of NOM for PSI in California over time was attributed entirely to changing practices at NCH. Increasing NOM has occurred without a concurrent increase in complications. Delayed splenic ruptures were rare. Although IOM rates at NCH decreased over time, disparity in NOM utilization still exists between NCH and CH.
T he management of pediatric splenic injury (PSI) has evolved over the past 4 decades since Upadhyaya and Simpson first reported that a majority of children with splenic injuries could be managed successfully without an operation. 1 In 2000, the American Pediatric Surgical Association (APSA) Trauma Committee disseminated an evidence-based guideline for the treatment of isolated spleen or liver injury in children. 2 The Eastern Association for the Surgery of Trauma (EAST) also published similar guidelines in 2003. 3 Although nonoperative management (NOM) has become the standard of care for hemodynamically stable children with blunt splenic injury, multiple studies have demonstrated a disparity on the utilization of NOMs for pediatric splenic trauma based on surgeon and hospital characteristics in the United States while using data prior to the publications of these evidence-based guidelines. 4 -8 The long-term impact of these evidence-based guidelines on changing the practice patterns for pediatric splenic injury on the population level remains uncertain. Furthermore, long-term outcomes of NOM for pediatric splenic injury are also unclear. The rates of delayed complications have not been adequately studied beyond case reports and single institution series, and comparisons of long-term outcomes between operative and NOM for pediatric splenic injury are still lacking. 9 -11 The purpose of this study was to investigate the trends and long-term outcomes in the management of pediatric splenic injury at a state level. The impact of evidence-based guidelines on the practice patterns of pediatric splenic injury was evaluated. Finally, long-term outcomes between operative versus NOMs of pediatric splenic injury were compared and factors assoicated with disparities in care were analyzed.
METHODS
This retrospective cohort study was conducted after obtaining IRB approval from the University of California Los Angeles and the Office of Statewide Health Planning and Development in California.
Data Source
Data were extracted from the California Patient Discharge Database (CaPDD). This database contains annual inpatient discharges from all nonfederal hospitals licensed in California. It records a discharge abstract for each inpatient hospitalization and includes patient demographics, admission and discharge details, patient disposition, and up to 24 diagnoses and 20 procedural International Classification of Disease, Ninth Revision, Clinical Modification (IDC-9) codes. 12, 13 Office of Statewide Health Planning and Development internally validates individual records in the CaPDD through 9 levels of checkpoints with an error tolerance level of less than 2%. 14 Individual records were flagged and reviewed if it contained illogical or erroneous relationships between ICD-9 diagnosis and procedure codes. This database has been used previously to examine health outcomes in both the adult and pediatric population. [15] [16] [17] 
Patient Cohort
Children who were 18 years and younger were admitted either urgently or emergently to the hospital with closed splenic injuries (ICD-9 codes 865.00 -865.09) between 1999 and 2006 were eligible for study inclusion. Subsequent hospital readmissions and procedures were tracked for each child by means of a unique record linkage number. Children who were readmitted with other injury were excluded from readmission analysis.
Definition of Variables
A child was defined as undergoing immediate operative management (IOM) if a splenic procedure ICD-9 code was identified in any of the procedures listed in the database and with a time to procedure of less than or equal to 1 day from admission. Splenic procedures consisted of total splenectomy (ICD-9 code 41.5), partial splenectomy (ICD-9 code 41.43), splenic repair (ICD-9 code 41.95), and other splenic operations (ICD-9 code 41.99). Splenic surgeries performed on or after the second hospital day were considered as failed NOM. Splenic injuries were defined as isolated if there were no other concurrent injury codes (ICD-9 codes 800 -904.9) on admission. In addition, ICD-9 codes for blunt splenic injury severity were used to grade the splenic injuries.
Readmissions for delayed splenic rupture, post-traumatic splenic cyst formation, and intestinal obstruction within 1 year of injury as well as for postsplenectomy sepsis throughout the entire study period were identified. Operative interventions related to these readmissions were also studied.
Children's hospitals were designated according to the National Association of Children's Hospitals and Related Institutions (NACHRI) classification. Both freestanding CH as well as CH within an adult hospital were designated as a "children's hospital." Whereas, the remaining facilities were classified as non-children's hospitals (NCH). Both adult and pediatric trauma center designations were determined through data provided by the California Emergency Medical Services Authority. 18 Hospital volumes were also stratified into quartiles; the top quartile hospitals (Ͼ12 injuries/yr) were labeled as "high volume hospitals," while the bottom quartile hospitals (Ͻ3 injuries/yr) were labeled as "low volume hospitals."
Statistical Analysis
Univariate and bivariate analyses were completed using t tests for continuous variables and 2 test for categorical variables. Nonparametric test for trend was used to test for a systematic change in the rates of NOM over time. Multivariate logistic regression was also performed to assess the independent factors associated with IOM in our study cohort while adjusting for year of injury, patient demographics, injury grade, isolated splenic injury, and hospital characteristics. We adjusted for clustering of hospital identifiers to account for correlation of individual outcomes within each hospital using cluster analysis. Statistical analyses were performed using SAS version 9 (Cary, NC) and Stata/IC version 10.1 (College Station, TX). To obtain a more conservative estimate of the effect, P Ͻ 0.01 was considered statistically significant.
RESULTS

Trends in Management
During the study period, 5,089 children with splenic injury were admitted to hospitals in California. Overall, 35% of the children had severe injuries (grade 3 or 4), and the proportion of severe injuries did not change over time (38% in 1999 to 36% in 2006, P ϭ 0.68). In comparison, there was a significant and steady decrease in the rate of IOM from 23% in 1999 to 15% in 2006 (P Ͻ 0.001, Fig. 1 ). During a period of increasing NOM for pediatric splenic injury, delayed operation during the same admission as well as readmissions for operations or complications were rare and did not increase over time (Fig. 1 ). The rates of delayed operations, readmissions for complications, and readmit operations were 3.3%, 0.6%, and 0.3%, respectively.
The decline in the utilization of IOM for pediatric splenic injury was attributed entirely to the changing practice pattern at non-children's hospitals (NCH). Statistically significant trends toward lower rates of IOM at NCH were observed over time for the entire study cohort and for children with isolated splenic injuries ( Fig. 2) . In contrast, the rates of IOM at CH remained unchanged. At NCH, the rates of IOM were 24% overall and 19% for isolated splenic injuries. While at CH, the rates were 9% overall and 2% for isolated injuries.
Baseline Characteristics
The study cohort of children was treated at 291 different California hospitals with a wide range of experience. The mean hospital case volume was 17 injuries over the 8-year study period and ranged between 1 to 329. The relative frequencies of patient and hospital characteristics comparing immediate operative versus NOM of pediatric splenic injury is shown in Table 1 . Isolated splenic injuries were present in 37%. The overall in-hospital mortality rate was 3.4%, whereas the in-hospital mortality rate was only 0.2% for children with isolated splenic injury. Children who underwent nonoperative treatment were more likely to be younger, with public insurance, had grade 1 or 2 injuries and had isolated splenic injury. NOM was also associated with treatment at CH, high volume hospitals, and at designated level I or II trauma centers. Lengths of stay (7.9 days vs. 6.1 days, P Ͻ 0.001) and hospital charges ($99,000 vs. $54,200, P Ͻ 0.001) were both significantly increased for children who had IOM compared with those who underwent NOM. 
Multivariate Logistic Regression
Multivariate logistic regression results evaluating the odds of immediate splenic operation based on patient and hospital factors are presented in Table 2 . This multivariate logistic regression model had a good fit with an area under the receiver operating characteristic curve of 0.81. The Hosmer-Lemeshow goodness of fit test also was not violated with a P value of 0.14. After controlling for other covariates, children Ͻ16 years had significantly decreased risk of IOM after splenic injury compared with children aged 16 to 18 years. Children with isolated splenic injuries also had a decreased risk of IOM (OR: 0.49, 99% CI: 0.35-0.69). Treatment at NCH (OR: 2.00, 99% CI: 1.09 -3.57) was an independent risk factor for IOM regardless of patient's age, injury severity, and other risk factors. In contrast, hospital volume status (either as a continuous or categorical variable) and trauma center designations were not independent risk factors of IOM.
Long-term Outcomes
From our study cohort, 2,730 children (53%) had unique identifiers and were tracked for readmissions and readmit operations. Baseline demographics, propensity to be treated at a CH, and the rates of IOM and mortality were not significantly different between children who had unique identifiers versus children who did not have unique identifiers. There were 328 (12%) children who required readmission within 1 year of initial injury and 17 (0.6%) were readmitted for complications related to delayed splenic rupture, post-traumatic splenic pseudocysts, or intestinal obstructions. Of the children who were readmitted for splenic complications, 28% did not present to hospitals that managed their initial injury.
Children who underwent IOM were followed for development of intestinal obstructions and postsplenectomy sepsis. The rate of readmission due to intestinal obstruction after splenic operations within 1 year was 1%. NOM for postsplenectomy bowel obstruction was successful for two-thirds of these children. Overall, 0.3% of the children after splenectomy required operations for bowel obstruction, and all required bowel resections. Children after splenectomy were also followed with a mean follow-up of 4 years for readmission with postsplenectomy sepsis. However, postsplenectomy sepsis was not observed in our study.
Next, children who underwent NOM of their splenic injuries were followed for readmission 1 year after discharge for splenic complications. Delayed splenic rupture was observed in 4 (0.2%) of the children who underwent NOM and occurred in children with grade 3 or 4 injuries within 3 weeks of discharge (i.e., postinjury days 4, 5, 13, and 20). Children with delayed splenic rupture all presented to the same hospital that managed their initial injury and were treated successfully with readmission splenectomies. No mortality from delayed splenic rupture was observed. Readmissions for symptomatic post-traumatic splenic pseudocyst was noted in 0.3% of the children with all grades of injury, and these children were readmitted within 10 weeks of initial injury. Half of these children presented to the same hospital that managed their initial injury and treatments of post-traumatic pseudocysts ranged from percutaneous drainage to total splenectomy. Overall, the rates of readmissions (1% vs. 0.4%, P ϭ 0.08) and readmit operations (0.3% vs. 0.3%, P ϭ 0.82) after injury admission were similar between those treated with either IOM or NOM.
CONCLUSIONS
From this population-based analysis over an 8-year period, we found a steady increase in the utilization of NOM for pediatric splenic injuries in California without a concurrent increase in delayed splenic operations or readmissions. The overall rates of immediate splenic operations decreased by one-third from 23% in 1999 to 15% in 2006. This increase in the use of selective NOM of pediatric splenic injury occurred during a time where there was an increased interest in the utilization of NOM in trauma and evidencebased treatment guidelines for children with isolated spleen or liver injuries were developed, validated and disseminated by APSA Trauma Committee and EAST. 2, 3, 19, 20 Although management variations still persist when comparing the outcomes of pediatric splenic injury between CH versus NCH, our data showed that the gap appears to be narrowing.
As may have been anticipated, children of younger age and lower injury severity had higher rates of NOM for splenic injury. However, children treated at CH had significantly lower rates of immediate splenic operations compared with those treated at NCH. This finding was independent of patient age, injury severity, or hospital volume or hospital trauma level designation. The rates of immediate splenic operation in California at CH were 8.6% for all splenic injuries and only 2.2% for isolated splenic injuries. These rates of immediate splenic operation at CH are comparable to prior reports ranging from 5% to 11% for all splenic injuries and 0% to 3% for isolated injuries published. 2, 4, 7, 8, 19, 20 These rates have remained stable over time and across different study populations.
While the rates of immediate splenic operation remained unchanged for pediatric splenic injuries managed at CH, the rates of immediate splenic operations at NCH decreased significantly after the publication of evidence-based guidelines. The overall rate of IOM at NCH decreased from 29% in 1999 to 20% in 2006. The immediate operative rate of isolated injuries at NCH also decreased significantly from 19% in 1999 to 10% in 2006. Even though there was a significant trend for decreasing IOM rates in NCH over time, treatment at NCH remains an independent risk factor for increased likelihood of immediate splenic operations after controlling for age, injury severity, isolated injuries, and year of injury. In contrast, hospital trauma level designation and hospital volume status, either as a continuous or categorical variable were not associated with utilization of NOM. Because collinearity exists between the variables "children's hospitals" and "pediatric trauma centers," the contribution of pediatric versus adult trauma centers on the risks of IOM for pediatric splenic injury was not investigated further. These findings in part highlight the impact of the APSA and EAST evidence-based guidelines on the management variations of pediatric splenic injuries at a population level as surgeons at NCH appeared to have increased their utilization of NOM for PSIs. A prior report by Bowman et al examined the impact of a statewide quality improvement initiative on the rate of splenectomies after trauma, their data showed a trend towards lower splenectomy rates during the postintervention time period. 21 However, the odds ratio failed to reach significance, perhaps due to the small sample size. In contrast, with a larger study population, our data showed a significant linear trend in the utilization of NOM for pediatric splenic injury at NCH. Despite this increase, there is still a persistent disparity in the utilization of NOM for pediatric splenic injury between hospital types and this represents a potential for improvement.
Our data is the first large population-based study to investigate the long-term outcomes of management variations for pediatric splenic trauma over time. Prior to the current study, there has been a paucity of data concerning the long-term complications of NOM for pediatric splenic injury. Some surgeons may be hesitant to observe children with traumatic splenic injury due to concerns about delayed complications from nonoperative treatments, in particular for delayed splenic rupture. Cases of delayed splenic rupture after traumatic injury occur occasionally in the literature, and mortality resulting from this complication has been reported. 9, [22] [23] [24] However, the exact incidence of delayed splenic rupture after NOM of splenic trauma is still relatively unknown. Crawford et al reported a 2% late failure rate in adults after NOM of blunt splenic injury. 11 In contrast, 10 Nonetheless, these studies were single institutional case series and are subject to potential biases. Using data from the State of California with a large population sample of almost 5,100 children with splenic injury treated at over 290 different hospitals, we found a 0.2% rate of delayed splenic rupture in children treated with NOM. All these injuries occurred in children with splenic injury grade 3 or 4 within 3 weeks of initial injury. These children were treated successfully with readmission splenectomies, and there were no late mortalities from delayed splenic rupture. This finding may necessitate close and reliable follow-up for the first month after discharge. Furthermore, we also observed a rate of 0.3% for the readmission of symptomatic post-traumatic splenic pseudocysts in this population. The true incidence of posttraumatic splenic pseudocyst may be higher, as some children may be followed expectantly as outpatients.
The outcomes of NOM must be compared with outcomes of IOM to fully understand the implications of the increased utilization of NOM for splenic trauma. Although postsplenectomy sepsis was not observed in our study cohort after a mean follow-up of 4 years, longer follow-up may capture these cases. 25 Furthermore, children after splenic operations required hospital readmissions and readmit operations at similar rates compared with those managed nonoperatively. It appears that the increased utilization of NOM did not negatively affect the overall outcomes for pediatric splenic injury over the study period. Despite these findings, it is imperative to acknowledge that the effective use of NOM is predicated on the hemodynamic stability of the injured child and the availability of the treating surgeon and facility to carry out such management. As such, an established, albeit low, rate of operative management for splenic injury is certainly necessary and probably desirable for successful outcomes in these children. Yet, the medical community should be striving toward diminished discrepancy in the care and outcomes of comparable patients treated in different institutions.
Similar to other studies using an administrative database, our study may have some limitations. Administrative data such as the CaPDD may lack important clinical and physiologic information not accounted for by ICD-9 coding, and observational data may not capture potential sources of bias arising from patient selection factors. However, children with similar age and splenic injury grades would be expected, across a large population, to have similar degree of hemodynamic compromise. From a large and diverse state population constituting 12% of the US population, we have also identified robust estimates on the rates of delayed splenic complications after NOM of splenic injury in children. Finally, our study demonstrated a persistent disparity in the immediate splenic operation rate between children's and non-children's hospitals for pediatric traumatic splenic injuries in California despite increasing awareness.
In conclusion, a steady increase in the utilization of NOM for pediatric splenic injury was observed in California after the publication of evidence-based guidelines on the management of pediatric splenic trauma. The decrease in splenic operation rate was attributed exclusively to changing practices at NCH, while rates at CH remained the same. Contemporary management of pediatric splenic injury appears to be safe as delayed splenic rupture occurred rarely and only in grade 3 and 4 injuries. Our data illustrates the impact of evidence-based guidelines on changing practice patterns for the management of pediatric splenic injury. Although the disparity in the utilization of NOM for pediatric splenic injury is decreasing between children's and NCH, a large gap still remains. Lower immediate splenic operation rates similar to those seen at CH can be achieved and sustained without sacrificing patient safety. Efforts to disseminate this knowledge and to establish evidence-based perfor-mance benchmarks must continue to reduce this disparity in care and improve outcomes.
